Introduction
Epidermoid cysts are rare lesions, accounting for 0.2% to 1.8% of all intracranial tumors.
1 Their most common location is the cerebellopontine angle (CPA) where they may cause neurologic complications due to mass effect on the nearby cranial nerves (CN), vascular structures, and the brain stem. [1] [2] [3] [4] Presenting symptoms frequently include hearing loss, dizziness, gait disturbance, trigeminal neuralgia, headache, tinnitus, and, if disseminated, hydrocephalus. 1,4-6 Treatment of epidermoid cysts is surgical, with a desired goal of complete resection using microsurgical technique, but with the preservation of the involved CN, vasculature, and brain parenchyma being of priority. Successful surgery can result in total resolution of symptoms, but in certain situations may not be advisable due to adherence, scarring, or inflammation making dissection of CN fascicles difficult and possibly hazardous.
Incompletely resected epidermoid cysts tend to recur, but years may elapse prior to the appearance of new symptoms.
1,3 magnetic resonance imaging (MRI) surveillance should be maintained in all cases indefinitely due to potential late recurrences. 4 Nonetheless, we believe that preservation of involved CN should be a primary goal, ultimately determining the extent of resection. With consistent longterm follow-up, recurrent or residual epidermoid cysts can be successfully and safely managed with subsequent surgeries as necessary.
Methods
We conducted a retrospective review of patients referred to the department of neurological surgery at Loyola University Medical Center for the management of skull base epidermoid cysts from 1998 to 2016 and compiled a series of 28 patients who underwent operative management. Cases were evaluated for presenting symptoms, history of prior resection (at outside institutions), postoperative results including CN function, extent of resection, and need for reoperation. Tumor size was recorded as largest diameter in any dimension on radiographic imaging. Surgical approach varied based on location, direction of extension, and size. The aim of surgery was maximum safe resection with an emphasis on preservation of CN to give our patients the highest quality of life possible following surgery. To achieve CN preservation, we utilized several different skull base approaches, which would give us maximum exposure of the tumor. Further, CN monitoring was used in all cases to guide the resection. Extent of resection was in part planned preoperatively based on MRI or computed tomography (CT) scans, but ultimately decided intraoperatively when a tumor's adherence to critical structures could be best ascertained.
Results Presentation
Twenty-eight patients underwent a total of 43 surgeries for epidermoid cyst resection. Twenty-four patients presented to us for a primary resection, whereas four patients came to us after having undergone surgery at outside hospitals. The average age at the time of primary resection was 38.5 years old (range 10-67 years) and the majority of patients were female (n ¼ 20, 71%).
The most common presenting symptoms were headache (n ¼ 9, 32%), dizziness (n ¼ 5, 18%), and gait disturbances (n ¼ 5, 18%). Fifteen patients (54%) presented with a CN deficit (►Table 1). Of these patients, the most common CN involved were CN VIII (n ¼ 7, 47%), CN V (n ¼ 5, 33%), and CN IX/X (n ¼ 3, 20%). Patients who presented to us after having undergone surgery at outside hospitals tended to present with more severe symptoms including trouble breathing, facial nerve paralysis, aseptic meningitis, and debilitating headaches.
Intraoperative
All tumors were located in the posterior (n ¼ 24) and middle fossae (n ¼ 4). Average tumor size was 3.9 þ/À 1.5 cm (cm) with a range of 0.9 to 7cm in longest diameter. All tumors had multiple CN in the surgical field (III-XII) with CN V-X being the most frequent, as was reflected in the patients' symptomatology (►Fig. 1). Additionally tumors tended to abut critical brain regions such as the brain stem, thalamus, and hypothalamus, causing significant clinical deficits (►Fig. 2). To achieve maximum safe resection while preserving critical CN and brain parenchyma, several different skull base approaches were carefully selected (►Table 2).
Outcomes
Eighteen patients (64%) underwent a gross total resection (GTR) and 10 (36%) underwent a subtotal resection (STR). Seven of ten patients with STR had a recurrent epidermoid cyst that required reoperation at an average of 40 months with a range of 9 to 72 months after the primary surgery. One patient required a third operation and another patient required a fourth operation. The mean tumor size of the reoperations was 2.9 þ/À 1.8 cm, compared with an average of 3.6 þ/À 1.9 cm for the initial surgery of this subcohort. All patients with known residual tumors continue to follow up with us in clinic and receive routine MRI or CT surveillance. Eight of fifteen patients presenting with CN deficits had improved CN function postoperatively, while the other seven patients remained stable. Two patients presented with complete facial palsy (House-Brackmann VI), one of whom was able to improve House-Brackmann III postoperatively. Patients Fig. 1 Axial diffusion-weighted image (A,C) and axial T2 magnetic resonance imaging (MRI) (B,D) showing large epidermoid cyst of the left cerebellopontine angle, brain stem, and foramen of Luschka before (A,B) and after (C,D) a gross total resection using a retrosigmoid approach. Intraoperatively, tumor was found compressing the fifth, seventh and eighth, and ninth and tenth cranial nerves. This patient presented to us after undergoing surgery at an outside hospital 9 years prior. Now 4 years after reoperation with routine MRI surveillance, there is no evidence of recurrence.
presenting with CN deficits tended to receive GTR less frequently (7 of 15, 47%) than patients without presenting CN deficits (9 of 13, 69%), but this difference was not statistically significant (p ¼ 0.23). However, patients presenting with CN deficits who underwent STR were more likely to have improved CN function than those with GTR (p ¼ 0.02). Regardless of extent of resection or status of preoperative CN function, no patient in our series endured new CN deficits following surgery.
Including procedures at outside hospitals, 10 of 28 (36%) patients required second operations. Four of them underwent a GTR during their second procedures. One of these patients presented to us from an outside hospital, while the other three were previously operated on at our institution. Reoperations for epidermoid cysts that received their primary resection at our institution were performed at an average 3.6 þ/ À 1.8 years following the initial operation, which was shorter than the interval for those presenting from outside hospitals (13 þ/À 7.5 years).
Four patients experienced hydrocephalus postoperatively. Two of these patients' tumors were located in the fourth ventricle and two were in the petrosal apex. All underwent subsequent surgery for placement of ventriculoperitoneal shunts. Unfortunately, one of these patients developed bacterial meningitis following multiple procedures for her epidermoid cyst and shunt placement surgery for hydrocephalus.
Discussion
Epidermoid cysts are slow-growing, benign tumors that originate during gestation but typically present between 20 and 40 years old.
2,3,9-11 They are believed to grow at a linear rate similar to that of normal epidermis and symptoms may take years to manifest. 2, 7 Even though this is benign tissue, symptoms occur due to neurovascular compression from tumor mass effect and indicate the need for removal. 12, 13 The majority of epidermoid cysts occur in the CPA and the posterior fossa where they may cause a breadth of symptoms related to dysfunction of the CN.
14,15
Epidermoid cysts often cause CN deficits through compression, adherence and even complete encasement of the respective nerves. 3, 16, 17 In one study, 83% of patients had some CN deficit prior to surgery. 8 The extent of CN involvement can usually be determined by the preoperative symptoms, such as facial drooping and trigeminal neuralgia. A previous report demonstrated that the incidence of CN dysfunction occurred most often in CN VIII (73%), CN V (56%), and CN VII (24%), consistent with other tumors of the CPA where epidermoid cysts occur most frequently.
16
Another study found that most of its patients presented with preoperative deficits of the trigeminal nerve, and these deficits persisted postoperatively more often than other CN deficits. 17 Preoperative CN deficits might also hint at the development of the tumor. Symptoms such as facial palsy tend to manifest at earlier stages compared with other CN deficits. 18 The rate of permanent deficits depends on the degree that the tumor adheres to the neurovascular structures. 3, 19, 20 Patients with these symptoms may warrant more conservative resections, so as not to inflict further CN damage. The goal of epidermoid cyst removal surgery is GTR with the preservation of surrounding CN, vasculature, and brain 23 In patients with total removal, the rate of tumor regrowth is lower than those patients with a STR.
24
The downside of a GTR is that it is very surgically challenging due to the epidermoid cyst's ability to adhere to surrounding neurovascular structures. 3, 8, 12, 25 Meticulous dissection with removal of the capsule from these structures can lead to permanent neurological deficits. Thus, many authors argue for STR when adherence to vital structures is demonstrated. 3, 9, 21, 22, 24, [26] [27] [28] If the adherence to the neurovascular structures is too extensive, then a STR of the cyst and any capsule that is nonadherent is performed. 2, 5 This procedure decompresses the surrounding area, hopefully relieving the patient of any neurological symptoms. However, STR leaves the patient at a higher risk of tumor recurrence which would require surgery if it becomes symptomatic. 9 Due to the slow growth of the tumors, symptoms might not reoccur for several years. 3 One study showed that 30% of their patients who underwent a STR experienced a recurrence, and patients who underwent a reoperation did so at an average of 8.1 years after initial excision. 24 Other reports have shown a recurrence time of up to 30 to 40 years.
3
We report a higher reoperation rate (70%) for patients with STR at a shorter interval (3.6 years) than these studies, which may be due to closer follow-up for patients with known residual tumor. Additionally, we show that residual epidermoid cysts can be safely and even definitively treated with subsequent treatment. Three patients in our series underwent GTR following an initial STR. This may be because during primary operations, it is unclear whether the pockets of residual tumor left behind will grow, but knowing something about their proliferation as well as their neuroanatomical location allows for a more aggressive resection in select cases on the second try. Nonetheless, the associated risk involved with recurrences is not minimal. 6 The risks of any reoperation, such as infection and operative morbidity, are present as seen in one patient in our series who developed aseptic meningitis after operation for a residual tumor. One report demonstrated an epidermoid cyst that underwent STR and transformed into squamous cell carcinoma. 29 While this risk is very low, it demonstrates the need for close patient follow-up after a STR. 30, 31 Despite shorter recurrence intervals than reported in the literature, we emphasize the importance of indefinite MRI surveillance for patients with residual epidermoid cysts, as demonstrated by three patients in our series with recurrences at greater than 5 years after their initial surgery.
Conclusion
Complete resection of epidermoid cysts should remain a high priority of therapy, but, based on our findings, preservation of CN function should be a primary goal, determining the extent of resection. Utilization of careful surgical technique and intraoperative monitoring may maximize extent of resection and preservation of CN function. Due to the impact CN deficit has on quality of life, it is crucial to carefully consult patients of this risk ahead of time, while emphasizing the necessity of long-term follow-up in cases of STR.
